Conclusions-PCA is safe even in small infants, and hemostasis can be achieved without surgical repair, with a carotid patency rate superior to published data after surgical cutdown. Surgical cutdown is not routinely required for pediatric cardiac catheterization via the carotid artery. (Circ Cardiovasc Interv. 2016;9:e003003.
T he common carotid artery is an advantageous route of access for cardiac catheterization in infants and children. In infants, the common carotid diameter is greater than that of the common femoral artery, and therefore, can accommodate a larger sheath. In addition, the carotid approach is a more direct route for interventions directed at the aortic valve, some arterial ducts, and some surgical systemic-pulmonary arterial shunts. 1 As first described in children by Azzolina et al 2 in 1973, surgical carotid cutdown involved placement of a purse-string suture, followed by creation of a longitudinal arteriotomy through which catheters were placed, and tying of the purse-string suture at the end of the case. Although this approach has been widely used and is considered to be safe and effective, [3] [4] [5] [6] it is invasive, time consuming, requires an available surgeon, and results in scarring that is cosmetically less appealing and could complicate repeat vascular access in the same vessel.
Although published data on the follow-up carotid patency rate after surgical cutdown are limited, luminal narrowing has been documented. 7 Finally, surgical cutdown has been justified based on a widely held belief that surgical control of bleeding and arterial repair is required after placement of catheters or sheaths in the carotid artery. Given the transition from surgical cutdown to percutaneous technique for femoral catheterizations decades ago, we surmised that percutaneous technique should be feasible and safe for carotid access as well. For these reasons, in 2006 we began to perform percutaneous carotid access (PCA) for cardiac catheterization using standard percutaneous sheath technique, and our results are presented herein.
Methods
Between July 2006 and November 2014, records of subjects undergoing attempted PCA for cardiac catheterization were reviewed. The retrospective review was approved by the institutional review boards of Baylor College of Medicine and Emory University School of Medicine. Patient characteristics, including age and weight at time of procedure, cardiac diagnosis, and indication for the catheterization were reviewed. The primary indication for PCA was one of the following factors: (1) low patient weight (with weight <2.5 kg thought by the authors to be at highest risk for vessel trauma from femoral artery catheterization), (2) angle of approach for intervention (all interventions across the aortic valve, and some interventions on the arterial duct or on Blalock-Taussig [BT] shunts were deemed to be best approached by PCA), and (3) need for left heart intervention when both femoral arteries were occluded. When available, the following data Background-Surgical cutdown for access to the common carotid artery provides a more direct route for certain pediatric cardiac interventions and avoids femoral artery injury in small infants. The safety of percutaneous carotid access (PCA) in children is unknown. Methods and Results-Retrospective review of PCA at Texas Children's Hospital and Children's Healthcare of Atlanta.
From July 2006 to November 2014, 42 patients underwent 47 attempts at catheterization via PCA. Median (range) age was 20 days (0 days-2.9 years) and weight was 3.2 kg (1.1-12.2). Two patients had failed PCA with no sequelae. Of the 45 catheterizations with successful PCA and sheath placement, 44 interventions were performed, the most common being stenting or stent redilation of the ductus arteriosus, balloon aortic valvuloplasty, and stenting or angioplasty of Blalock-Taussig shunts. After sheath withdrawal, hemostasis was achieved with manual compression, with no need for surgical control of bleeding. Follow-up carotid imaging was performed in all. Acutely, 3 patients developed carotid thrombosis with resolution in 1 and mild residual narrowing in 2 after anticoagulation therapy. At follow-up, 40 of 42 patients (95%) had a normal carotid artery, with 2 instances of mild stenosis. There were no neurological sequelae attributable to PCA. Percutaneous Carotid Catheterization in Children were collected: time required to achieve PCA, sheath dwell time, and duration of manual pressure required to achieve hemostasis on sheath removal. Procedural successes and failures, immediate and long-term carotid complications, and any neurological complications were noted. We aimed to have a follow-up imaging study of the carotid artery in all patients, typically a Doppler ultrasound performed post intervention by our radiology department within 24 hours. We also reviewed results of any imaging modality performed for any reason that encompassed the carotid up to the last available follow-up; these included Doppler ultrasound, repeat catheterization with angiography, computed tomographic angiography, or magnetic resonance imaging. The carotid artery was classified postprocedure as normal, mildly stenotic (lumen >50% of normal adjacent vessel), moderately stenotic (lumen reduced to <50% of normal), or completely occluded.
Carotid Access Technique
All catheterizations were performed under general anesthesia with endotracheal intubation. Needles used for puncture were 21g (Argon Medical Co, Athens, TX or Cook, Bloomington, IN) initially in our series; however, our technique evolved to use of finer 22G needles (Cook) after 2 patients had unsuccessful needle access attempts using a 21G needle. Ultrasound guidance (Sonosite, Fujifilm, Bothell, WA) was used in all cases. The bifurcation of the common carotid artery into the internal and external branches was visualized, and a suitable location sufficiently caudal from the bifurcation was identified (typically approximately halfway between the clavicle and the edge of the mandible). The systolic common carotid diameter at this location was compared with the contralateral carotid. Choice of which carotid was used for access was based on operator preference, but in general, for balloon aortic valvuloplasty the larger artery was selected, or the right carotid if both were of approximately equal diameter. In contrast, for interventions on the arterial duct or a BT shunt, we elected whichever carotid seemed more directly aligned with the structure of interest based on previous noninvasive imaging (usually echocardiography). During all cases, caution was exercised to enter the anterior carotid wall only, avoiding the through-and-through transfixation technique. An 0.014″ or 0.018″ soft-tipped wire was advanced once blood return was seen in the needle hub or confirmation of needle entry into the lumen was seen on ultrasound. Fluoroscopy was then used to advance the wire into the ascending aorta.
Heparin was administered immediately after sheath placement with a bolus of 50 to 100 U/kg, with redosing as needed to maintain an activated clotting time (ACT) of >200 s. The side arm of the sheath was either connected to a transducer via fluid-filled tubing (allowing recording of pressures as well as flushing of the sheath) or was intermittently flushed by hand. Flush solution consisted of normal saline with 3-U/mL heparin. In addition, the side arm of the sheath was used to inject contrast for angiography when necessary. Sheaths were not typically sutured in place, but the primary operator was present at all times at the head of the patient to secure sheath position during catheter manipulation. Advancement and withdrawal of the sheath itself was kept to a minimum (to reduce friction on the carotid puncture site), but was performed when necessary, such as to record pullback pressure gradients across the aortic valve over a wire. At the end of the procedure, the sheath was removed and digital pressure was maintained over the carotid puncture site (ie, ≈5-mm caudal to the skin puncture site) until hemostasis was achieved, and time to hemostasis was recorded. Protamine was not administered to reverse heparin effect, even in the setting of supratherapeutic ACT. Pressure dressings were not used in any case; rather, a small gauze or nonocclusive bandage was applied to the site shortly after hemostasis was attained.
In some cases, 2-dimensional (2D) ultrasound imaging with color flow mapping of the carotid artery was carried out by the interventional cardiologist in the catheterization laboratory within a few minutes of having achieved hemostasis, to look for evidence of carotid stenosis, and to rule out luminal thrombus or vessel flap. The decision to extubate patients in the catheterization laboratory was made on the basis of their hemodynamic condition; patients were not routinely kept intubated after the catheterization solely because of PCA.
Technical failures to achieve PCA were tracked, and if conversion to surgical cutdown was performed, surgical findings and any additional challenges posed by the failed percutaneous attempt were recorded.
Statistical Methods
Data are presented as median (range) or mean±SD, as appropriate. A Wilcoxon Rank-sum test was performed to compare the median ACT values between the groups with and without carotid artery thrombosis.
Results
Between July 2006 and November 2014, 42 patients underwent 47 catheterizations during which PCA was attempted (Table) , with 5 patients undergoing a second percutaneous catheterization at a later time via the same vessel. All catheterizations were with intent to perform an intervention. The median age at catheterization was 20 days (range, 0 days-2.9 years) and weight was 3.2 kg (1.1-12.2). Two small neonates, weighing 1.6 and 1.7 kg, had unsuccessful attempts at percutaneous needle access into the carotid using 21G needles early in our experience, with the carotid appearing to roll away from the needle tip. One of these (patient 3, Table) had no sequelae, and underwent cardiac surgery instead; the other (patient 4) underwent uncomplicated carotid surgical cutdown for balloon aortic valvuloplasty and the surgeon saw no hematoma or other vessel trauma. These 2 patients were included in the analysis of the cohort on an intention-to-treat basis. Of the 45 remaining catheterizations, in 5 the intended intervention was unsuccessful despite successful PCA: 4 patients referred for ductal stenting were unsuccessful (because of extreme ductal tortuosity in patients 2 and 9, incomplete stent coverage of the ductus in patient 14, excessively large ductus in patient 24), and in one instance (patient 30) there was
WHAT IS KNOWN
• Femoral arterial thrombosis is a relatively common consequence of femoral arterial catheterization in infants.
• Carotid access for pediatric cardiac catheterization avoids femoral arterial injury and facilitates catheter course for certain procedures, such as balloon aortic valvuloplasty and interventions on systemic-topulmonary shunts.
• Carotid arterial access in children has generally been performed via surgical cutdown, possibly in part because of a widely held belief that surgical control of bleeding and carotid repair is required on sheath removal.
WHAT THE STUDY ADDS
• In this preliminary study, percutaneous carotid access was feasible in small children and was associated with few adverse events.
• Manual pressure was sufficient to obtain hemostasis on carotid sheath removal even in patients who were fully anticoagulated, and patency of the carotid artery was excellent. Percutaneous Carotid Catheterization in Children 1 and 7) , and 2 cases of iliofemoral arterial recanalization and angioplasty (patients 19 and 23b) to treat thromboses incurred at previous femoral artery catheterizations when the patients were younger and before more widespread adoption of our PCA strategy. Therefore, a total of 44 interventions were successfully performed via PCA (Table) , the most common being stenting or stent redilation of the ductus arteriosus (n=18 patients, Figure 1 ), balloon aortic valvuloplasty (n=11), and stenting or angioplasty of BT shunts (n=6, Figure 2 ). In addition, 2 patients underwent each an additional intervention via a different vascular access site (patients 2 and 13, consisting of right ventricular outflow tract stenting via the femoral vein, and innominate artery stenting via the femoral artery, respectively).
Time required to obtain PCA (from first needle attempt to sheath placement) was 5.5±5.3 minutes (n=41). The right and left carotids were chosen in almost equal proportion (right in 25/47 cases, 53%). The largest sheaths used in each catheterization are listed in the Table and included upsizing of the sheath over a guidewire in 3 cases. Sheaths remained in the carotid for a median of 56 minutes (range, 10-204; n=45). There were no instances of angiographically visible thrombus on or near the sheaths, of aspiration of thrombus from the side arms of the sheaths, or thrombus on the tip after sheath removal. The median ACT after sheath placement and heparin administration was 286 s (189-641, n=45).
After the catheterization, sheaths were removed and hemostasis was achieved by manual compression for a mean duration of 12.2 minutes (median, 10; range, 4-45 minutes; n=45). Blood loss was minimal, and surgical control of bleeding was not required in any patient. The case with the longest time to achieve hemostasis was after stenting of a severe recurrent coarctation (patient 37, Table) . In this case, a 4F sheath was upsized to 7F for stenting with a large-caliber stent. Pressure was maintained on the carotid puncture site for 45 minutes, followed by use of a pressure dressing for 2 hours, and a moderate hematoma developed at the site. The patient remained intubated overnight as a precaution but he was uneventfully extubated on the following morning. For all other patients, the access site was dressed with simple bandage, with no pressure dressings used. There were no instances of rebleeding. In all patients except for patient 37, extubation was not delayed by the carotid access, and in many instances occurred in the catheterization laboratory.
All patients had some form of carotid imaging documented after the catheterization (Table) . In 13 cases, 2D and Doppler ultrasound examination were performed in the catheterization laboratory by the interventional cardiologist immediately after hemostasis, with 2 patients having detectable abnormalities: mild luminal narrowing caused by a small tissue flap at the arterial puncture site (patient 7) and a small carotid pseudoaneurysm (patient 15). The majority of patients underwent formal post intervention carotid 2D and Doppler ultrasound imaging performed by our radiology departments within 24 hours of the catheterization, although some patients had imaging at a later time or via an alternate modality. Three patients developed carotid thrombosis within 24 hours of the catheterization: 2 had complete occlusion (patients 5 and 7) and 1 had nonocclusive thrombus (patient 10). These 3 patients were treated with therapeutic doses of subcutaneous low-molecular-weight heparin twice daily. Of note, these 3 patients had ACT levels that were therapeutic (385±140; median, 442; range, 226-487 s), and not statistically different than the levels of the rest of the cohort (279±97; median, 250; range, 189-641; P=0.862).
Patient 5 had restored flow in the carotid with moderate focal stenosis at 2 weeks, and only mild luminal narrowing with normal Doppler velocities by 3 weeks, and anticoagulation was discontinued. Patient 7 had carotid occlusion (17-mm long) at 24 hours with restoration of flow and mild focal narrowing documented at 12 days and again at 2 months. Patient 10 had mild luminal narrowing on the ultrasound performed within 24 hours, with a normal carotid by 5 days. None of these Patients are listed in order of weight at their first catheterization; a, b (patient column) refer to first and second catheterization, respectively, of a given patient. Last Follow-Up Percutaneous Carotid Catheterization in Children 3 patients had proximal or distal progression of clot beyond the common carotid artery. Two additional patients had hematomas at the puncture site without evidence of carotid flow disturbance that resolved without incident; patient 13 was on extracorporeal membrane oxygenation during and after catheterization, and patient 37 underwent aortic stenting through a 7F sheath. Both had normal carotid artery ultrasounds. Only 1 patient (patient 15) required any form of surgical intervention because of a vascular access complication: she underwent ligation of a 1.7-cm carotid pseudoaneurysm with normal carotid caliber and flow pattern thereafter.
All patients had their records reviewed for any imaging modality that encompassed the carotid artery (ultrasound, computed tomography, magnetic resonance imaging, or angiography at repeat catheterization) up to last available follow-up (as of November 2015). At 30 days post catheterization, carotid follow-up imaging was available by any imaging modality in 44 of 47 PCA cases and showed a normal carotid in 42 of 44 (95%), with mild luminal narrowing in 2 instances (patients 5 and 7, described above). Nineteen patients had imaging studies performed beyond 30 days post catheterization, ranging from 32 days to 9.2 years after PCA (525±822 days), with the same 2 patients having mild stenosis long-term (patients 5 and 7, imaged at 3.1 months and 1.1 years post-PCA, respectively), with the remainder having normal carotid arteries. In total, all 47 catheterizations were followed by at least 1 carotid imaging study (any modality), such that at last available follow-up imaging, ranging from 0 days to 9.2 years after PCA (227±590 days), 40 of 42 patients (95%) have a normal carotid artery, with the same 2 patients (patients 5 and 7) having mild carotid stenosis. For the 5 patients who had 2 PCA procedures in the same vessel, interval to last available follow-up was calculated from the first procedure. No patient had clinically apparent neurological sequelae attributable to PCA at any time.
Discussion
Diagnostic cardiac catheterization via carotid cutdown in pediatric patients was first performed in the 1960s by Azzolina et al, 2 although this approach did not gain wide acceptance at that time. In the 1970s, percutaneous sheath catheterization was developed and was found to have a lower incidence of arterial complications compared with the arterial cutdown technique, and the femoral arterial route became the favored approach for retrograde left heart catheterization. 8, 9 In the 1980s, the advent of catheter-based interventions, which required larger sheaths, resulted in increased incidence of femoral arterial injury and occlusion. 10 Beginning in the 1990s, a reemergence of carotid access for neonatal cardiac catheterization took place, albeit with surgical cutdown in the majority of reports, because of the superior angle of approach for many left heart interventions and because of the avoidance of femoral artery injury. 1, 3, 4, 11 Only 1 published report exists describing percutaneous carotid catheterization for balloon aortic valvuloplasty in infants; in that article, Vida et al 12 described no immediate carotid complications, but long-term carotid follow-up was not provided.
Long-term complications of femoral arterial occlusion include claudication, poor limb growth, and rarely, limb loss because of ischemia. 13 Recent data suggest that a weight of <4 kg poses an added risk of thrombosis from femoral arterial catheterization. 14, 15 In the study by Glatz et al, 14 the rate of acute arterial occlusion after femoral artery catheterization infants <4 kg was 20% to 30%, and (1) was often clinically silent, (2) correlated directly with sheath size, and (3) Table) , the left common carotid artery was accessed with a 4-french sheath (A), and a stent was placed across the PDA to increase pulmonary blood flow (B). In another patient with tetralogy of Fallot and absent pulmonary valve syndrome (patient 35), the left pulmonary artery (LPA) originated from a persistent fifth aortic arch (an anatomic variant of the ductus arteriosus) and was nearly isolated (C). Using the left common carotid artery for access, the LPA was accessed and the fifth aortic arch was stented, restoring flow to the LPA (D). LAO indicates left anterior oblique. Percutaneous Carotid Catheterization in Children correlated inversely with patient weight. Given that the neonatal carotid artery is larger in diameter than the femoral artery, [16] [17] [18] carotid access may play an important role in preventing the complications of femoral artery thrombosis when applied to this higher risk infant population. However, to help justify accessing the carotid artery to spare the femoral artery, the relative risk and relative consequence of occluding each of these vessels should ideally be known. Unfortunately, previous reports of surgical carotid cutdown for cardiac catheterization provided incomplete follow-up of carotid patency postprocedure, with the exception of Weber report in which 31% of patients after carotid cutdown had significant carotid stenosis on follow-up Doppler ultrasound. 7 A subsequent study found similar results, with roughly 1 of 3 infants undergoing carotid cutdown having late carotid stenosis or occlusion, despite incomplete follow-up imaging of their patients. 6 A multicenter study assessing outcomes after carotid cutdown in infants found that 12% had abnormalities-ranging from stenosis to complete occlusion-after surgical carotid cutdown and repair, although follow-up imaging was only available in two thirds of patients. 5 The lack of consistent follow-up carotid imaging in most reports of surgical cutdown, therefore, renders direct comparison with carotid patency rates with our PCA cohort difficult. Furthermore, the miniaturization of sheaths and balloon catheters over time could bias older reports of carotid cutdown toward lower carotid patency rates because of the larger sheath sizes that were previously required. Although some contemporary studies of carotid cutdown exist, 1, 19 these provide almost no carotid follow-up imaging. In our series, PCA resulted in a carotid patency rate of 95% at last available follow-up, including 5 carotid arteries that were accessed twice.
The impetus for offering PCA for interventions occurred in 2006 when we faced the dilemma of an infant weighing 1100 g with critical aortic valve stenosis, critical coarctation, and severe left ventricular dysfunction (patient 1, Table) , demonstrating the region of narrowing at the systemic arterial end of the shunt (A) and stent implantation was performed through the same short sheath with resolution of the shunt stenosis (B). In another patient (patient 13), narrowing was found at the pulmonary end of the BT shunt in conjunction with innominate artery stenosis (C). After stent placement in the BT shunt (via percutaneous carotid access) and in the innominate artery (via femoral artery access), there is resolution of both stenoses (D). Emergency recanalization of a left BT shunt (E) was performed in a patient with life-threatening cyanosis (patient 41b). The entire procedure for recanalization and angioplasty of the left BT shunt (F) required only 18 minutes in this case. RAO indicates right anterior oblique. Percutaneous Carotid Catheterization in Children Table) . Surgical valvotomy and coarctectomy were deemed too risky, as was surgical carotid cutdown for percutaneous intervention. One of the authors (H.J.), therefore, performed balloon aortic valvuloplasty and coarctation stenting via PCA. The approach proved remarkably expeditious, and there was no evidence of carotid narrowing acutely or long-term. In contrast, there are 2 reports describing similar-sized patients treated with carotid cutdown; 1 contemporary report describes that the patient developed carotid obstruction, 20 whereas an older report describes the inability to repair the carotid leading to carotid ligation. 5 After this initial positive experience, we began to offer PCA cautiously, at first only in small neonates weighing <2.5 kg (because we believed that that only patients at highest risk of femoral arterial injury should initially be offered this novel approach) or after failure of the femoral arterial approach in older children (eg, patient 36, in whom ductal stenting from the femoral arterial route proved impossible because of inability to maintain wire position in the distal left pulmonary artery). Then, with growing experience and mounting evidence of safety, we began to use PCA in larger infants when the anatomy appeared to favor a superior (carotid) approach. We acknowledge that certain congenital lesions can be approached safely for transcatheter interventions using a variety of access sites (transvenous, or transarterial via femoral, axillary, or carotid arteries), whether obtained percutaneously or by surgical cutdown. Each of these possesses advantages and disadvantages. Although some larger patients in our series could have received interventions from some of the aforementioned approaches, we chose PCA because we felt that it could provide the necessary intervention in the safest and most expeditious fashion. However, we think that PCA should be used judiciously, and not without considering other approaches. For instance, we have experienced several patients with ventricular dysfunction after Norwood operation who have decompensated acutely when sheaths were advanced across a coarctation transvenously because of catheter-induced tricuspid and neoaortic insufficiency. This prompted us to favor PCA for patient 37 who was hemodynamically frail at the time of the coarctation intervention. Likewise, balloon aortic valvuloplasty in larger infants can generally be performed safely from a femoral arterial route, but in patients 11b and 38 who presented with ventricular dysfunction, we opted for PCA because of the rapidity of this approach.
In our series, sheath exchanges occurred (n=3) when upsizing was required for the intended intervention; the results from upsizing the sheath seem favorable as there were no carotid complications, although the number of patients undergoing sheath upsizing were too small to draw statistical conclusions. In addition, 5 patients in our series underwent 2 percutaneous carotid catheterizations in the same vessel, with no added difficulty and with normal carotid patency longterm. Although the occurrence of carotid stenosis or occlusion in our series was low, our series is the first to document the efficacy in treating early carotid thrombosis with low molecular weight heparin, with successful restoration of arterial patency and without clinical evidence of distal embolic complications. Although the purpose of our study was not to provide long-term carotid imaging follow-up, analysis of a subgroup of 19 patients who had imaging studies performed >30 days after PCA suggests that carotid stenosis does not seem to be acquired late or to progress over time. In our series, long-term carotid stenosis (albeit mild) was only found in 2 patients successfully treated with anticoagulation therapy who had early complete thrombosis. The earliest and smallest of our patients (patient 1) has follow-up imaging >9 years after PCA showing a completely normal carotid artery. A published abstract describing our early experience 21 was the first detailed description of PCA for catheterization in children to provide long-term carotid follow-up imaging.
In addition to demonstrating that PCA results in long-term carotid patency rates that are superior to published reports of surgical cutdown, we think that the time required to establish sheath placement is likely to be much shorter using the percutaneous approach. Although none of the published series on carotid cutdown disclosed the time required to achieve sheath placement, in our study percutaneous sheath placement took an average of only 5.5 minutes. It is unlikely that surgical cutdown could ever match the speed and ease of vascular access that the percutaneous technique affords. This is illustrated in patient 41 (Table) in whom a left BT shunt arising from the left carotid artery was previously stented via the femoral artery with great effort, requiring 126 minutes. Several weeks later, the patient was brought to the laboratory emergently to treat BT shunt thrombosis. PCA via the left carotid was performed quickly and the previously stented BT shunt was crossed within 4 minutes of PCA, allowing the BT shunt to be restented (Figure 2E and 2F) . The entire procedure lasted 18 minutes.
Importantly, our study demonstrates that removal of a percutaneously placed sheath with manual compression of the carotid puncture site is safe and successful at achieving hemostasis, and this occurred without reversal of heparin. This finding contradicts data suggesting that a large bore catheter or sheath placed in the carotid should be removed surgically with carotid repair to avoid hematoma, external bleeding, airway compression, or neurological injury. [22] [23] [24] No patient in our series experienced significant bleeding or airway compression. Indeed, more recent reports have suggested that percutaneous sheath placement may be safe in adults undergoing neurovascular interventions. 25, 26 Therefore in both of our institutions, surgical carotid cutdown for cardiac catheterization has been essentially abandoned in favor of PCA; however, surgical cutdown remains the standard of care in our institutions for carotid cannulation for extracorporeal membrane oxygenation because these cannulas are much larger than sheaths used routinely for cardiac catheterization.
Certain precautions must be observed when PCA is being considered. We were concerned about potential neurological injury resulting from catheter-associated thrombus formation. We therefore checked ACT frequently and administered heparin as needed to maintain ACT >200 s. We also think that an experienced operator should be at the head of the patient at all times during catheter manipulations to avoid inadvertent displacement of the sheath resulting in significant hemorrhage. We did find that immediate postcatheterization ultrasound Percutaneous Carotid Catheterization in Children was helpful in demonstrating abnormalities in 2 infants who experienced vascular access complications. Because only a subgroup of patients had immediate ultrasound imaging in the catheterization laboratory, it is difficult to make conclusive statements about the role of this technique, although we do think it may be advantageous to diagnose and treat carotid thrombosis as soon as possible. Follow-up ultrasound was likewise valuable in demonstrating resolution of thrombus. It is unclear why thrombus developed in 3 patients, in whom ACT levels, procedure length, and sheath size were similar to the remainder of the cohort. Perhaps significantly, these 3 patients were among the 10 patients <2.1 kg at time of catheterization. Another important consideration is airway compression, as a large carotid hematoma could cause tracheal compression or deviation. All patients were catheterized under general endotracheal anesthesia. Although many patients in our series were extubated in the catheterization laboratory, some were left intubated and watched in the cardiac intensive care unit. In both situations, much attention postprocedure was paid to the access site. Particularly with the use of larger sheaths (eg, patient 37) close observation in an intensive care unit should be the rule.
We did not initiate anticoagulation or antiplatelet therapy prophylactically in any patient solely because of the carotid access, and only used anticoagulation for those patients who had confirmed carotid thrombosis on follow-up imaging. We initiated antiplatelet therapy with aspirin, however, in patients receiving ductal stents or BT shunt stents ≈24 hours after the stent placement.
Limitations
Our study describes the use of sheaths predominantly ranging from 3 to 4F; and therefore, the safety of PCA with sheaths 5F or larger in infants cannot be confirmed. The study was retrospective in nature, and despite the fact that both authors used a common approach with respect to technique and follow-up care, results may not necessarily be generalizable.
Conclusions
We have demonstrated that PCA for interventional cardiac catheterization in infants and children can be performed rapidly, with no clinical evidence of neurological sequelae, and an excellent carotid patency rate on follow-up imaging. Given these favorable outcomes, we propose that surgical cutdown is no longer routinely required in infants and children to establish carotid access for interventional cardiac catheterizations.
